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Space-Era Irradiance Variability 
 - amplitude, sources  

Solar Irradiance Measurements 
 - total, spectral 

Solar Variability and Global Change 
 - climate, ozone  
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Ground…. 
1837: Herschel 
1880: Langley  

1902-1955:  Abbot  

From Langley’s bolometer… 
“An instrument that measures radiant energy by 
correlating the radiation-induced change in 
electrical resistance of a blackened metal foil with 
the amount of radiation absorbed” 

… to the Total Irradiance Monitor (TIM) on NASA’s 
Solar Radiation and Climate Experiment (SORCE)  
a state-of-the-art, active cavity electrical substitution radiometer 
with phase-sensitive detection, NiP black surfaces, redundant 
cavities, NIST calibration…. 

“… the observation of the amount 
of heat the sun sends the earth is 
among the most important and 
difficult in astronomical physics, it 
may be termed the fundamental 
problem of meteorology” 

http://lasp.colorado.edu/sorce/ 

Aircraft and Balloons  
1967: 1359±13 W m-2   
1977: 1373±20 W m-2   
Space 
1980: 1371±10 W m-2 
1990: 1365±10 W m-2   
2003: 1361±4 W m-2   



0.1% 

GLORY/TIM: 2010 ?→ 
... the first “benchmark” irradiance measurement  
… end-to-end calibration with NIST cryogenic radiometer 
NPOESS/TSIS: 2013 ?→ 
... operational solar monitoring 

Nimbus 7 

SORCE 



Solar Spectral 
Irradiance: 

separating photon 
fluxes into 

wavelength bands  

wavelengths 120-300 nm 
14.9±0.1 Wm-2 

wavelengths < 120 nm 
0.003±0.001 Wm-2 

wavelengths > 300 nm 
1350.5 ± 0.5 Wm-2 

unit 
optical 
depth 



Solar Spectral Irradiance Observations:  
Far Ultraviolet (120-200 nm) 

OSO-5 Orbiting Solar Observatory 
AE-E  Atmospheric Explorer 
SME  Solar Mesosphere Explorer 
UARS  Upper Atmosphere 

 Research Satellite 
TIMED  Thermosphere Ionosphere 

 Mesosphere Energy and 
 Dynamics 

SORCE   Solar Radiation and 
 Climate Experiment 

SOLSTICE Solar Stellar Irradiance  
 Comparison Experiment 

SUSIM  Solar Ultraviolet Spectral 
 Irradiance Monitor 

SEE    Solar EUV Irradiance Experiment 
SOLSTICE Solar Stellar Irradiance 

 Comparison Experiment 

UARS 

20% 

10% 

SUSIM 



5% 

1%  

Solar Spectral Irradiance Observations:  
Middle and Near UV (200-400 nm) 



Solar Spectral Irradiance Observations: 
Visible and Near IR (400-2000 nm) 

0.06% 

0.06% 

SIM 



ACRIM PMOD 

How Does Solar Irradiance Vary? 

- upward trend in ACRIM composite 
occurs primarily from an increase in 
1989-1992  
- attributable to ERB instrument 
sensitivity drifts near end of Nimbus 7 
mission 

Average of Three Composites 

standard deviation of three composites 



Why Does Solar Irradiance Vary? 



Observations vs. Model 

ACRIMSAT 

SORCE 



How Does Spectral Irradiance Vary? 

sources of solar 
irradiance variability are 
wavelengthdependent… 
THUS,  spectral 
irradiance variations 
depend on wavelength 

sunspot 

faculae 

  (and Why)  



Solar Spectral Irradiance Variations:  
Far Ultraviolet (120-200 nm) 

model of faculae 
and sunspot 
inGluences 

50% 

20% 



Solar Spectral Irradiance Variations:  
Middle and Near Ultraviolet (200-400 nm) 

model of faculae 
and sunspot 
inGluences 

4% 

0.2% 



Solar Spectral Irradiance Variations:  
Visible and Near IR (400 – 2000 nm) 

model of faculae 
and sunspot 
inGluences 

0.1% 

0.1% 



Observations vs. Model 

good agreement at all wavelengths for 
27-day rotational modulation 17 OCT 03 30 OCT 03 

SIM solar cycle variations are out-of-phase 
at visible wavelengths and larger at UV 
wavelengths. compared with model                                       

Harder et al.,  
GRL, 2009 



sunspot cycle amplitudes have 
increased from the  
Maunder Minimum … to the  
                             Modern Maximum 

Past Solar Activity

Reconstructing Past 
Solar Irradiance 

Variations 
1613 Galileo 2000 SOHO 



Estimating Long-Term Solar Variability 

Galactic Cosmic Ray Flux at Earth 

open flux 
modulates 

cosmogenic 
isotopes 

sub-surface dynamo surface magnetic fields 
of opposite polarity 

transported by…  
differential rotation,    meridional flow,       diffusion 

0.05% 
0.2% 

NRL Flux Transport Model 

Estimate from  
Sunlike stars and 
cosmogenic isotopes 



Why Do We Care?   
The Sun’s Role in Global Change  

Washington Post, 30 March 2009 
(Funded by the CATO Institute) 

1898 

2009 



lack of warming for over a 
decade… 

1998 the warmest year on 
record… 

      decreasing solar irradiance 
since 2002,  2008 La Nina 

super El Nino, no volcano 

 Global Surface Temperature Responds to 
Natural and Anthropogenic Influences  

76% of observed temperature 
variance explained by: 
 ENSO +  
volcanic aerosols +  
solar activity +  
anthropogenic influences 



  +0.0015K /decade 

    0.9K 

  -0.0009K /decade 

  +0.005K /decade 

  +0.054K /decade 

    0.75K 

Natural components  
account for <15% of 
warming since 1890 

Decompositions of 
historical and recent global 
surface temperatures give 
consistent individual 
natural and anthropogenic 
components: 



warming 
Beijing 
Tan et al., 2004 

Paleo Sun–Climate Synopsis 
…when solar activity is high…. 

warming 
Tasmania 
Hill et al., 2007 

weakened upwelling 
and trade winds 
(warmer SSTs) 
Cariaco Basin 
Black et al., 1999 

tree‐rings  
Chile 
Roig et al., 2001 
Nordemann et al. 

 Mayan drought 
Cariaco Basin 
Hodell et al., 2001 
Haug et al., 2003 

increased 
temperature & 
moisture 
SW Alaska 
Sheng et al., 2003 high rainfall 

Oman 
Neff et al., 2001 

warming 
North Atlan7c 
Bond et al., 2000 

drought 
Equatorial  
East Africa 
Verschuren et al., 2000 

 drought  
Western US 
Cookl et al., 2001 

stronger monsoon 
Wangxiang cave 
Zhang et al., 2008 

significant local changes do not imply global changes of equal magnitude  

stream flow 
Parana River 
Mauas et al., 2008 
. 
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Pittock (1978): Sun-ozone correlations … 
“experiments in autosuggestion” 

Ozone Depletion 

GSFC TOMS Total 
Ozone Sep 16, 2001 

Total Ozone 50S-50N ~ 280 DU 

Nimbus 7 

solar upper photosphere        

UV radiation: 
200-295 nm 



How – and Why - will Climate Change 
in the next Decades? 

Assuming Past is Prologue…. 
future nearterm climate change will 
vary because of both natural and 
anthropogenic in?luences 

Nature, 25 May 2006 

Currently,  the Sun is at a solar minimum, 
and  most  predictions  suggest  that  the 
next  solar maximum  in  7ive  or  six  years' 
time will be weak. … 

Climate  skeptics  who  argue  that  human 
activities  are  not  responsible  for  global 
warming have seized on these results….  
So  convinced  are  they  that  last  year  two 
Russian  skeptics  placed  a  $10,000  bet 
that  global  temperatures  will  show  an 
average  fall  for  2012–17  —  on  the 
assumption  that  the next  solar  cycle will 
be weak. 
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YiMing Wang, Naval Res. Lab. 

- cycle 21 & 22 length was 10.6 years 
-  cycle 23 length is >12 years 
-  there were no sunspots from Jan to 
Sept 2008 
- some solar and geomagnetic indices 
are historically (over decades) low 

Are we entering a 
protracted solar 

minimum? 

- polar fields 
have reversed 
- there have been 
similar long quiet 
episodes in the 
past 
-  recent new-
cycle activity 

•  TIM total solar irradiance has 
varied continuously throughout 
the current quiet period, even 
when sunspots were absent 

•  Bright faculae have been 
present on the disk throughout 
the minimum period, producing 
rotational modulation 

•  Lowest levels reached in mid 
2008….. solar cycle minimum? 

• Hinode EUV (coronal) signal also 
minimum in mid 2008 

An accurate, precise, long solar irradiance record is crucial 
to constrain solar-driven climate change. 

days with no sunspots 

SORCE/TIM Total Solar Irradiance 



How – and Why - will Solar Irradiance 
Change in the Next Decade?  

Solar Cycle 24: 
- 40% higher than cycle 23   
     (Dikpati et al, 2005)   
-  less active than cycle 23 
      (Wang and Sheeley, 2009) 

cycle 23               cycle 24 

SORCE 
TIM 

GLORY/TIM: 2010 → 
... the first “benchmark” irradiance 
measurement  
… end-to-end calibration with NIST 
cryogenic radiometer 

NPOESS/TSIS: 2013 → 
... operational solar monitoring 
… total and spectral irradiance 
… SORCE, TIM and SIM heritage 



Natural climate change occurs simultaneously with anthropogenic 
 influences 

… solar & volcanic influences, internal  modes (ENSO, QBO), greenhouse gases, aerosols 
… solar influence may both accelerate and mitigate global warming in the next two decades 

Total Irradiance – 0.1% during recent activity cycles, 0.3% in strong 
 rotational modulation, <0.1% since Maunder Minimum?  

Spectral Irradiance – 1% to 40% in UV, 0.1% in visible 
… SORCE observations have larger UV changes than model or prior observations   
…are variations in visible and near-IR spectrum out-of-phase with solar activity? 
Past and future solar Irradiance changes are uncertain 
… continuous, high precision monitoring will advance understanding 

Total Irradiance  – 1361 Wm-2 (SORCE/TIM) or 1365 Wm-2 (ACRIM)?   
Spectral Irradiance – percentage uncertainties  
… absolute offsets among independent instruments exceed variability  



B30TRoims1M23… solar  (no ozone) 

Observed and Modeled Temperature  
Spatial Patterns (all months): SOLAR 

Multiple regression 
SURFACE  LOWER  STRATOSPHERE MIDDLE TROPOSPHERE  

B465trsuvoioTM53… solar, interactive ozone 

Hadley cell Ferrel cell 

GISS General Circulation Middle 
Atmosphere Model: Rind et al., JGR, 2007  



Surface Temperature Regional Annual 
Response Patterns (5o×5o lat-long) 



model:  1 nm bins 
             0-100,000 nm 
  daily since 1947 
  monthly since 1882  
  yearly since 1610 



Climate Model Response to Radiative Forcing 

ΔT = κ F 

Solar Irradiance Cycle  
    ΔT  = 0.1oC 
       F = 0.15 Wm-2   (0.85×0.7/4) 

  ∴ κ  = 0.67oC per Wm-2 

BUT…. response to cyclic decadal forcing 
is assumed to be attenuated by ∼ 5× 

compared with “equilibrium” response 

forcing 

climate sensitivity 

 IPCC range:    0.2-1oC per Wm-2
 

paleoclimate:   0.75oC  per Wm-2 

                                           Hansen, 2004 http://visibleearth.nasa.gov 
http://www.hpl.umces.edu/~lzhong/mixed_layer/sml.htm 

current understanding assumes that climate 
response to solar  radiative forcing is 

thermodynamic --  
BUT empirical evidence suggests it is 
 …. dynamic, rather than (or as well as)   
 thermodynamic 
 … engages existing circulation patterns  
 (Hadley, Ferrel, and Walker cells) and  
 atmosphere- ocean interactions (ENSO) 
 … involves both direct (surface heating) and 
 indirect (stratospheric influence) components. 

solar irradiance provides a well specified external 
climate forcing for testing models and understanding 

Anthropogenic Influence 
    ΔT  = 0.4oC   (1980-2006) 

       F = 1 Wm-2 (total, not all radiative) 

  ∴ κ  ≈ 0.4oC per Wm-2 
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unit 
optical 
depth 

UV radiation 
(λ < 315 nm) 

20 Wm-2 Sun 

Solar Radiative Processes Depend on 
Geography, Altitude, Wavelength 

near UV,VIS,IR  
Radiation 

(λ > 315 nm) 
1346 Wm-2 

ozone 

cloud cover 


